A 3.6 kb gene (ELF7) with homology to the ATP-binding cassette (ABC) gene family has been isolated from genomic libraries of Candida albicans. Members of this gene family include both membrane transport proteins which confer a drug-resistance phenotype, and proteins whose functions are associated with protein translation. ELF7 (Elongation Like Factor) showed greatest homology with a Sacchammyces cemwisiae ORF (YPu26w), whose function is unknown, and lower homology with fungal elongation factor 3 (EF-3) genes. In comparison, homology with a gene conferring a drug-resistant phenotype (CDR7) was low. To understand the function of ELF? in C. a/bkaf#S, geneknockout experiments were conducted using the hisG-URA3-hisG disruption cassette. Both single-copy (heterozygote) and double-disrupted strains in ELF7 were isolated. Phenotypically, the disrupted strains grew more slowly than wild-type and produced a mixture of large, irregular cells and apparently normal cells.
INTRODUCTION
fluconazole, clotrimazole and itraconazole but not ketoconozole (McCullogh & Hume, 1995) . AdditionCandida albicans is the most prevalent opportunistic ally, the high recurrence of oropharyngeal candidiasis in fungal pathogen and is one of the major aetiological HIV-positive patients did not always correspond with agents of nosocomial infections (Matthews, 1994) . The increased azole resistance (Pfaller et al., 1994) . Conseclinical importance of candidiasis has increased recently quently, there is an important need to identify new due to the onset of AIDS and medical procedures antifungal targets and develop new treatment strategies. including immunosuppressive therapy and oigan transplants. Since C. albicans avidly binds to mucosal surfaces and catheters (Hawser & Douglas, 1994) , this normally benign organism can rapidly become invasive in immunosuppressed patients. The mortality rate in systemic candidiasis is high (38-59%), due in part to difficulties in diagnosis and treatment (Matthews, 1994) . Since yeasts are eukaryotic, many antifungal agents are also toxic to host cells. The azoles, a group of antifungal compounds, are effective against mucocutaneous infections but development of resistance in chronically infected patients is high (Sangeorzan et al., 1994; Pfaller et al., 1994; McCullogh & Hume, 1995) . In one study, all strains isolated from patients developed resistance to The ATP-binding cassette (ABC) transporter proteins are of interest because of their association with a drugresistance phenotype and because they are potential antifungal target proteins. The genes encoding ABC proteins share significant sequence homology, including a conserved amino acid domain of approximately 200 bp which is associated with ATP binding. Many of the ABC proteins consist of two homologous halves with a nucleotide-binding-fold domain and six predicted membrane-spanning regions per half. Their known functions include the transport of small molecules or proteins bidirectionally across membranes, such as the efflux of cytotoxic compounds (reviewed by Higgins, 1992) . Members of the ABC family include multi-drug resistance (MDR) proteins from tumour (P-conferring similar phenotypes have been reported for Saccharomyces cerevisiae (SNQ2 and PDRS) and C. albicans (CDRI) (reviewed by Balzi & Goffeau, 1994) and CDR2 (Sanglard et al., 1997) . In addition to genes encoding the MDR proteins, genes involved in translation are also members of the ABC gene family. GCN20 from S. cerevisiae, for example, is a positive effector of GCN2, and, thus, is indirectly involved in activation of translation initiation factor 2 (Vazquez de Aldana et al., 1995) . GCN20 shows significant sequence similarities to genes that encode elongation factor 3 (EF-3). EF-3 genes are found in several fungi including C. albicans (Colthurst et al., 1992) , Pneumocystis carinii (YpmaWong et al., 1992) and S. cerevisiae (Qin et al., 1990) . The EF-3 proteins are attractive antifungal targets since they are not found in mammalian cells, but are essential for translation in fungal cells. In this paper, we describe the identification and gene disruption of a new member of the ABC gene family in C. albicans, ELFI. Sequence analysis (Devereux et al., 1984) identified two putative nucleotide-binding domains and an ABC transporter consensus sequence. Although the sequence of the S. cerevisiae homologue, ORF YPL226W, has been reported, no function or phenotype has yet been determined. Therefore, it is of interest to study this gene to determine whether it may play a role in drug resistance or growth of the organism.
METHODS
Strains and culture conditions. The C. albicans strains used in this study are listed in Table 1 . Strains SC5314, CAF2-1 and CAI4 were donated by William Fonzi (Georgetown University). Strains were maintained on YPD medium (Sherman et al., 1986) at 30 "C. Minimal medium (YNB) contained yeast nitrogen base with 0 5 '/o (w/v) ammonium sulfate supplemented with 2 % (w/v) dextrose. When required, 25 pg uridine ml-l was added. Ura-auxotrophs were selected on YNB supplemented with 1 mg 5-fluoroorotic acid ml-' (FOA; Boeke et al., 1984) . Table 7 . C. albicans strains used in this study
The yeast-to-hyphal transition was induced by either culture media or serum (Shepherd et al., 1980) . Tissue culture medium (M199) or 2-5 ' / o foetal calf serum was inoculated with 5-10 x lo5 cells ml-l from an overnight culture and incubated rocking at 37OC for 30min to 2 h. Germ-tube formation was monitored by light microscopy.
The growth rates of heterozygote and homozygote disrupted strains were compared with the parental or the URA3 heterozygote strain, CAF2-1. Strains were grown overnight in YPD at 3OOC. Equivalent numbers of yeast cells were inoculated into YPD or YNB so that the starting OD,,, of a 1: 10 dilution was 0.03 (approx. lo6 cells). The OD was measured at 1 h intervals for 9 h in three separate experiments. Cells were also counted manually using an Improved Neubauer haemocytometer.
DNA manipulations and transformations. Plasmid isolation and enzymic reactions were performed either by standard methods (Sambrook et al., 1989) or according to the manufacturer's instructions. Bacterial transformations were performed using Escherichia coli DH5a competent cells prepared in calcium chloride or by electroporation with E. coli XL1-Blue cells (Bio-Rad E. coli pulser ; manufacturer's directions). C. albicans was transformed by lithium acetate following the protocol of Gietz et al. (1992) . Selection of Ura+ transformants and FOA segregants was performed as described by Fonzi & Irwin (1993) . Genomic DNA was isolated from C. albicans spheroplasts (Philippsen et al., 1991) using Zymolyase-20T (ICN Biomedicals). An EcoRI SC5314 genomic library was constructed in Lambda Zap I1 following the manufacturer's instructions (Stratagene).
Isolation of €MI. A C. albicans 4918 genomic DNA library constructed in Agtll was screened using non-formamide hybridization conditions (Sambrook et al., 1989) at 55 OC with AE41, the clone of the human B cell C3d receptor gene (Moore et al., 1987) . Library screening and phage purification were performed by routine methods (Titus, 1991) . Positive plaques were purified and a 3.2 kb EcoRI fragment was isolated which hybridized with AE41 (Calderone et al., 1992). The 5' EcoRI fragment was isolated by screening the Lambda Zap I1 library with pABC-4, a plasmid derived by inverse PCR (see below). Southern analysis. DNA was digested to completion, electrophoresed on 1 % agarose gels and transferred to a nylon membrane by capillary action using a 'dry' method. Gels were soaked in 0-5 M NaOH, 1.5 M NaCl(2 x 15 min), then in 1 M ammonium acetate/0.02 M NaOH (2 x 30 min) and the DNA transferred to preincubated nylon membranes (Genescreen Plus; Dupont, or Nytran; Schleicher and Schuell) without a buffer chamber for 1 h. DNA was fixed onto the membranes using UV or by baking at 80 "C. Prehybridization was performed at 65 "C for at least 5 min in 7% SDS, 0.5 M sodium phosphate, pH 7-2,1 mM EDTA (Monod et al., 1994) . DNA probes were labelled with a-32P using Ready-to-Go DNA Labelling Beads (-dCTP) (Pharmacia) or Prime-It RmT Random Primer Labelling kit (Stratagene). Membranes were hybridized in the same buffer for 16-24 h at 65 OC. Blots were washed twice for 15 min in 0.1 x SSC, 1% SDS at 65 "C. Plasmid construction. The plasmids constructed for this study are shown in Fig. 1 Locations of primers are shown in Fig. 1 and Table 2 . The expected 800 bp product was subcloned by blunt ligation into pNoTA/T7 using a PCR cloning kit (5 prime+3 prime) resulting in plasmid pABC-4. PELF1 in pSK+ phagemid was excised from a tertiary positive plaque from the Lambda Zap I1 SC5314 library probed with pABC-4.
T o obtain disrupted strains, a transforming plasmid was constructed. Plasmid pMB7 (Fonzi & Irwin, 1993) was kindly donated by William Fonzi (Georgetown University). pSK + was digested with Sad, blunt-ended with T4 DNA polymerase and religated to give pSK + deleted of the Sac1 restriction site (pSK + ASacI). pABC-1 was cut with BamHI and EcoRV and ligated into BamHIIEcoRV-digested pSK + ASacI to give plasmid pJSCa2. The internal 1.2 kb PstI-Sac1 fragment of pJSCa2 was removed and replaced with the hisG(1-Sce1)-URA3-hisG(I-SceI) insert from pMB7 to give p JSCa4ura.
DNA Sequencing. Double-stranded and single-stranded DNA was sequenced by the dideoxy chain termination method (Sanger et al., 1977) using the Sequenase version 2.0 kit (Amersham) and [35S]dATPaS, 1 pg single-stranded M13 or 3-5 pg denatured plasmid and M13 commercial sequencing primers or synthetic oligonucleotide primers. For initial comparison with databases, pCa9OO was sequenced with T3 and T 7 primers. pABC-2 was cut with BamHI and EcoRI and ligated into M13mp18 and M13mp19 (Life Technologies) to sequence both strands. The Cyclone I Biosystem (IBI) was used to produce sequentially overlapping clones. M13 clones were sequenced with M13 forward and reverse commercial primers. pABC-3 was sequenced using the T3 and T 7 primers.
Additional sequence was obtained with the synthetic oligonucleotide, Abc3 (see above). pABC-4 was sequenced with T7
and with the commercial M 1 3 4 0 primer included in the Sequenase kit. PELF1 was sequenced with the T3 and T7 primers, to identify overlapping sequence with pABC-4. The rest of the ORF was sequenced with the specific internal primers (Life Technologies) ElfR1, ElfR2, ElfR3, ElfR4 and 
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ElfFl(Tab1e 2) using [35S]dATPaS and the Sequenase 2.0 or ThermoSequenase cycle sequencing kit (Amersham). Analysis of sequence data was performed using the University of Wisconsin GCG sequence analysis software programs (Devereux et al., 1984) . Nucleotide database searches were performed using BLAST (Altschul et al., 1990) . PCR Analysis. To confirm the ELF1 deletion in the genome, 0-1 pg genomic DNA was PCR amplified with reverse primers located in the deleted region (ElfDRl), 5' of the deletion (495R) or 3' of the deletion (3929R). In all three amplifications the forward primer was Elf318. has been described (Saxena & Calderone, 1990 (1991a) . Plugs were pre-equilibrated in 0.5 x TBE prior to loading in a 0-75 YO agarose gel. Gels were run at 75 V with a linear ramping of the switching interval from 300 s to 1400 s for 144 h at 13 "C. Fresh running buffer was added after 72 h. Southern transfer of pulsed field gels was performed as suggested by the manufacturer (Bio-Rad). To determine the site of integration of transforming DNA, chromosome plugs were digested with the meganuclease I-SCeI (Boehringer Mannheim Biochemicals) as described by Fonzi & Irwin (1993) . 
RESULTS
Isolation of ELF1
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denoted by asterisks. Walker A and B regions are in bold. characterizing this gene. The strategy for the complete sequence analysis of the 3.2 kb EcoRI fragment and the upstream sequence is described in Methods. To obtain the full gene, a section between EcoRI sites was obtained by inverse PCR (pABC-4). Southern analysis of EcoRIdigested genomic DNA with 32P-labelled pABC-4 showed two bands, one at 3.2kb as expected and a second at 2-8 kb (data not shown). pABC-4 was used to screen an EcoRI-digested SC53 14 genomic DNA library constructed in Lambda Zap 11. Positive plaques were excised, plasmids isolated and digested with EcoRI. The insert of one clone, PELF-1, migrated at 2.8 kb, as predicted. The remainder of PELF-1 (1-2 kb) was sequenced with the T3 and T7 primers. The T7 sequence matched pABC-4. 1.2 kb of PELF-1 was then sequenced with specific internal primers to obtain the full ORF (see Methods).
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ELFl encodes a putative protein of 1192 amino acids. GCG analysis of the deduced amino acid sequence (Fig.  2) demonstrated the presence of two ATP/GTP-binding site motifs and an ABC transporter consensus sequence located between the Walker A and B regions of the first ATP-binding site. BLAST analysis (Altschul et al., 1990) indicates that ELFl shows significant homology to the ABC gene family, and in particular, the S . cerevisiae ORF, SCYPL226W (63 YO identity, 70 YO similarity), the EF-3 genes (36 O/ O identity, 46 % similarity) and GCN20. The homology between ELFI, SCYPL226W and the EF-3 genes is more extensive than with the MDR-like genes. Comparison of the deduced protein sequences of ELFl and SCYPL226W is shown in Fig. 3 . In addition to the length of the gene and spacing between Walker A and B regions, the majority of the identity is seen in the ATPbinding domains. The 5' ends of the genes are the least similar. However, the final 30 amino acids at the 3' ends are identical in ELFI and SCYP1226W but not in C. albicans EF-3 (not shown). This region in EF-3 is proposed to be responsible for ribosomal interaction (Chakraburtty et al., 1995) . Northern analysis confirmed that a 3.6 kb RNA was produced in yeast, pseudohyphal and hyphal forms. The level of expression did not vary Disruption of ELFl gene in C. albicans significantly during serum-induced morphogenesis (data not shown).
Construction of disrupted strains
The function of the S. cerevisiae ORF, SCYPL226W, has not yet been determined. To study the function of the gene product of ELF2, a disrupted mutant was constructed using the methodology described by Fonzi & Irwin (1993) . pABC2, which contains 70 % of the open reading frame of ELF1 and the 3' downstream sequence, was cloned into pSK+ (see Fig. 1 ). pJSCa4ura was digested with Not1 and XhoI (located in the polylinker), to release the ELFl disruption cassette, and 15 pg was used to transform CAI4. Ura+ transformants (12 out of 80) were analysed for integration by Southern hybridization (Fig. 4b, lane 2) . Three transformants underwent the desired recombination event. Spontaneous Ura-derivatives of two of the resulting heterozygotes, CAJS1 and CAJS2, were selected on YNB containing 1 mg FOA ml-' (Fonzi & Irwin, 1993) . FOA is toxic for strains containing URA3 genes. Therefore, only those colonies which have lost the URA3 gene by intrachromosomal recombination will grow on YNB + FOA. Segregants were analysed by Southern hybridization. Of 15 FOA segregants analysed, four lost the URA3 gene and one copy of the hisG gene (see Fig.  4a ). Two segregants, CAJSlE and CAJS2D, were transformed with p JSCa4ura in five separate experiments. Out of a total of 36 Ura+ transformants, one had lost the second wild-type allele and was designated CAJS5 (Fig. 4b, lane 1) .
PCR analysis of genomic DNA confirmed the presence of a disrupted allele in CAJSS. Genomic DNA isolated from strains SC5314, CAJS2 and CAJS5 was PCR amplified with a forward primer, ElfF1, and a primer located in the deleted region, ElfDR1. No product was seen in CAJSS. However, PCR with reverse primers 5' (495R) or 3' (3929R) of the deletion did result in the expected products (data not shown). Since only the 3' end of the gene was deleted, RT-PCR was performed to determine whether a truncated form of the gene was expressed (Fig. 5 ) . RNA isolated from SC.5314, CAJS2 and CA JS5 was reverse transcribed with an oligo(dT) primer. This product was then PCR amplified with a forward primer, ElfF1, and the reverse primer 495R. A 0.5 kb product was observed in both the parent and disrupted strains (Fig. 5 ) . To confirm that this product did not result from genomic DNA, PCR amplification with a primer located in the promoter region (Elf121) and at 1173 bp (495R) resulted in no product in CAJS.5 (lane 7) or the other strains (not shown), confirming the absence of contaminating genomic DNA. PCR of genomic DNA with the same primers acted as a control. T o confirm that a full-length transcript was not present in CA JSS, PCR of the cDNA from the three strains was also performed with a reverse primer located in the deleted region, ElfDR2, and Abc3 (Fig. 5 ) . The expected 2.2 kb product was seen in the parental and single disruptant, but not the double disruptant (lane 6). PCR amplification of genomic DNA t o confirm the deletion was done with Elf318 and a primer in the deleted region, ElfDR1, 5' of the deleted region, Abc3, or 3' of the deleted region, 3929R. To determine whether a truncated form of the ELF1 gene was expressed, RT-PCR was performed with the oligo(dT) primer and DNase-treated RNA isolated from SC5314 (lanes 1 and 4), CAJS2
(lanes 2 and 5) and CAJS5 (lanes 3, 6 and 7). The cDNA was PCR amplified with a forward primer, ElfF1, and a reverse primer, 495R, (lanes 1-3) , or a forward primer, Abc3, and a reverse primer in the deleted region, ElfDR2 (lanes 4-6) . To confirm that genomic DNA was not amplified, cDNA was PCR amplified with a forward (Elfl21) and reverse (495R) primer. No product was seen in CAJS5 (lane 7) but the expected 1.3 kb product was seen when genomic DNA was used as the template (lane 8).
RT-PCR was also performed with specific elf primers. The same results were obtained: a truncated product was observed with RNA isolated from CA JS5 when RT-PCR was performed with the reverse primer at 1154 bp but no product with the reverse primer at 3006 bp.
PFGE confirmed that disruption of the gene was not a result of gross chromosome rearrangements (Fig. 6a) . Southern analysis of the pulsed-field gel localized ELF2 to chromosome R (Fig. 6b) . Since I-SceI is present in the hisG gene of the disruption cassette but not elsewhere in the Candida genome, digestion with I-SceI results in cleavage at the site of the disrupted gene. Therefore, if the gene is correctly disrupted, the chromosome will be restricted with I-Sce-I. Chromosome plugs of CA JS2 and CAJS5 were digested with I-SceI, subjected to PFGE, Southern blotted and probed with the EcoRI insert of pABC-1. Fig. 6(b) shows that integration corresponds with localization of the ELF2 gene on chromosome R. Fig. 6 shows that chromosome R migrates differently in the three strains, and in CAJSS, appears to comigrate with chromosome 1. It has been reported that chromosome R and chromosome 1 comigrate in some strains (Wickes et al., 1991b) . However, digestion with I-SceI and hybridization with ELF2 clearly shows the faster migration of one digested chromosome in CAJS2 and both chromosomes in CAJSS.
Phenotypical characterization of CAJS5
CAJS.5 was grown in YPD and YNB media supplemented with uridine. Growth was slower compared to CAF2-1 (the URA3 heterozygote), and CAJS2 (ELF1 ::elf1 URA3:uva3), in both liquid (Fig. 7 ) and solid media (data not shown) but was comparable to the Ura-strain, CAI4. The intermediate growth rate of CA JS2 (URA3/ura3) appears to be due to a dosage effect of the ELF1 gene and not the URA3 gene, since in a similar experiment, the growth rate of CAF2-1 (URA3 heterozygote) was the same as SC.5314 (data not shown). Cell growth based on OD,,, resulted in the same differences between growth curves (data not shown).
There is a significant difference in colony growth between CAJSS and CAF2-1; CAJS.5 colonies are smaller and more heterogeneous in size. Microscopic examination of both small and normal-sized colonies revealed that yeast forms of CAJSS are variable in shape : while normal budding cells were observed, many cells were large and misshapen, and multiple buds were common (Fig. 8) . There was no obvious difference in the proportion of cell types in small and normal-sized colonies. However, the small colonies normally contained 80% fewer cells. Aggregated forms were also observed which could contribute to the slower growth rates of CAJS.5 (see Fig. 7 ) . Aberrant yeast forms made up between 5o-6O0/0 of the population in CAJSS, compared to 20-30% in CAJS2 and less than 10% in SC5314, during the first 6 h growth in YPD. During the next 3 h, aberrant forms in CAJS5 and CAJS2 decreased to 1.5% and 8%, respectively. Aberrant yeast forms were viable as determined by staining with methylene blue. An equivalent number of cells from 2 and 6 h cultures of CAJS.5 and CAF2-1 were plated on YPD. Again, the viability of the cultures was equivalent but the CA JSS colonies were significantly smaller. Aberrant cells were no more sensitive than normal cells to 1 % SDS or high salt (data not shown). (Higgins, 1992) . Sequence analysis of the ELF1 gene revealed a similar structural arrangement. Two ATP/GTP-binding site domains and an ABC transporter consensus sequence located between the Walker A and B domains in the first half were identified in ELFI. The homology of ELFl described in this report was most extensive to SCYPL226W, an ORF of unknown function recently reported from S. cereuisiae; a lower level of homology was seen to EF-3.
Homology with the MDR-like genes was low, but still significant.
To resolve questions about the function of ELF1, in the light of its homology with other genes, we constructed disrupted strains and examined the role of ELFl in growth. Since the disruption is at the 3' end of the gene and some ABC transporters can function as half molecules, the double-disruptant may not be a true null. We found that disrupted strains grew less well than the wild-type, and heterozygotes demonstrated an intermediate growth rate. The growth impairment was observed on agar media as the presence of smaller-thannormal and pin-point-sized colonies. In liquid media, cells were pleiotropic in size and morphology. While some budding cells were normal in size, a significant number were larger and formed elongated buds. Some cells were swollen and elongated with a slight constriction in the middle, resembling a peanut shell, appearing as if they could not form a bud wall. The swollen size could result from a growth control defect or, alternatively, a deregulation of efflux/influx proper- ties. The aberrant cells made up 50% of the population early in culture (2-6 h). The lower percentage of aberrant cells at 7-9 h is probably due to the division of 'normal' cells. The pleiotropy may be due to the absence of the ELF1 gene or alternatively, because only the 3' end of the gene is deleted in CAJSS. The normal cells seen in the population could be the result of the action of the truncated ELF1 gene. However, the truncated activity must be insufficient for the entire population. Cassettes which will disrupt the 5' region of the gene are now being constructed. At this point, it is impossible to determine whether the abnormal growth in ELFl mutants is due to an altered permeability in the cell, or whether the ELF gene product affects the expression of specific genes required for optimal growth. It is not yet known whether a single compound can restore a normal growth pattern to CAJS5, or whether the absence of this gene results in a general deficiency in the transport of required metabolites to the correct components of the cell or export of toxic compounds from the cell. A genedosage effect is apparent, in that strains heterozygous for ELFl show an intermediate growth rate and percentage of abnormally shaped yeast cells. Consequently, this gene may be a potential antifungal target, since its reduced expression may affect viability in the host.
Drug resistance and sensitivity in yeast have been linked to altered permeability (Fling et al., 1991) . We compared strains CAJS2 and CAJS5 to SCS314 for sensitivity to amphotericin B, and three azoles, ketoconazole, fluconazole and miconazole, by the broth microdilution method for drug susceptibility (data not shown) (National Committee for Clinical Laboratory Standards, 1995) . No significant differences in susceptibilities were seen. However, when the small colonies of CA JS5 were compared with the normal-sized colonies, preliminary data indicated that small colonies have a 100-fold or greater resistance to miconazole and amphotericin B. The MIC,, of normal sized and small colonies for miconazole was 0.008 pg ml-l and 0.4 pg ml-', respectively, and for amphotericin B, 0.06 pg ml-I and >1 pg ml-', respectively. No difference was seen with fluconazole and only a slight difference with ketoconazole. Others have shown that resistance to one azole does not necessarily confer resistance to azoles in general (McCullough & Hume, 1995) . The increased resistance in the small colonies to miconazole and amphotericin B, but not the other azoles could be due to their slower growth rate, associated with changes in transport (influx or efflux). In this case, ELF2 would have an effect opposite that of the Candida ABC genes, CDRl and CDR2, in that increased expression of CDRZ and CDR2 is seen in fluconazole-resistant clinical isolates (Sanglard et al., 1995 (Sanglard et al., , 1997 White, 1997) . CDR2 but not CDR2 knockout mutants in C. albicans demonstrate hypersensitivity to a variety of antifungal agents, including azoles; strains deleted in both CDR genes show increased sensitivity over cdrl null mutants (Sanglard et al., 1996 (Sanglard et al., , 1997 . It is interesting to note that both ELF2 and C D R l lack an ABC signature sequence between the second set of Walker domains.
Although most of the ABC superfamily are transport proteins, a few are involved in UV repair and protein translation (Higgins, 1992) . BLAST analysis identified significant homology between ELF2 and the fungal EF-3 genes. EF-3 is involved in the ATP-dependent interaction between aminoacylated tRNA and the ribosome A-site (Chakraburtty et al., 1995) . After SCYPL226W and the EF-3 genes, GCN20 was the most homologous to ELFZ, particularly at the ATP-binding sites. GCN20 is a positive regulator of the transcriptional activator protein GCN4, which is involved in general amino acid control. One function proposed for GCN20, like that for EF-3, is to facilitate the release of uncharged tRNA from the ribosome E site (Vasquez de Aldana et al., 1995) . Therefore, ELF1 may play a role in polypeptide elongation. The abnormal morphology and increased resistance to some drugs may indicate an altered permeability of the cell. On the other hand, if the translation mechanism is altered, there may be a subsequent effect on the expression of genes for optimal growth. In either scenario, drug transport or translational control, the importance of ELF2 is apparent.
